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Abstracts
The article reviews the peculiarities of women’s drug utilization during pregnancy. The external and internal 

negative factors that affect the development of the fetus are discussed, the types of their undesirable effects (embry-
otoxic, teratogenic, fetotoxic, etc.) are presented, the possible mechanisms of toxic effects are indicated, and the 
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A modern pharmacist’s primary and the most 
important functions are to provide the population with 
high-quality medicines and medical products, monitor 
their use’s  effectiveness and safety, provide qualified 
advisory assistance and conduct pharmaceutical care 
[1,2]. Among the pharmacy customers today, particular 
groups of patients need close attention due to their age, 
unique physiological state, concomitant disease (espe-
cially chronic), and other features. Thus, the category 
of special patients includes:

·	 pregnant women,
·	 lactating and breastfeeding women,
·	 children (between the developmental period of 

infancy and puberty),
·	 persons with chronic diseases,
·	 middle-aged persons, elderly, long-lived elderly.

Sometimes patients with infectious diseases, tour-
ists or patients who have moved from other countries 
and have different linguistic and cultural characteris-
tics are defined as special groups, too [3]. Each of these 
groups has its own peculiarities of patient communica-
tion, medicine and dosage form choice, proper intake 
consulting, and adverse drug reaction monitoring.

Pregnant women are an exclusive group, because 
in addition to purely medical and pharmacological 
questions, the ethical ones are added. Taking the 
medicines the future mother exposes to the risk of 

unwanted effects not only her body, but also another 
life, which is vulnerable, defenseless and very sensitive 
to any external influence. The rational choice of a drug 
for a pregnant woman is an intricate problem because of 
the lack of reliable clinical data due to ethical obstacles 
to conducting clinical studies on the medicine’s effect 
on the body of a pregnant woman and her child [4,5].

In principle, pregnancy is a natural, physiological 
state for a woman and does not require the use of 
medicines. However, according to the research data, 
about 80-90% of pregnant women use drugs. In some 
researchers’ references, this level increases to 99% [6,7]. 
Also, scientists have shown that pregnant women use 
at least one of the prescription drugs represented by all 
15 basic groups according to the ATC (The Anatomical 
Therapeutic Chemical) classification at 90 days before 
pregnancy, during pregnancy and 90 days after child-
birth [8,9].

The most common reasons for prescribing drugs 
are:

·	 prevention of chronic disease exacerbations and 
complication treatment (diabetes, rheumatoid 
arthritis, bronchial asthma, thyroid hormone 
metabolism disorders, etc.);

·	 acute infectious disease treatment (bronchitis, 
pneumonia, urinary system infections);
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·	 correction of pregnancy complications (hyper-
tension, gestational diabetes, preeclampsia, ane-
mia, etc.);

·	 prevention and repletion of biologically active 
substance deficiency (vitamins, micronutrients);

·	 prevention and treatment of fetal pathology 
through the mother’s body (use of corticoster-
oids in case of insufficient lung development in 
the fetus) [10-16].

It should be noted that this list does not include 
common minor disorders that pregnant women can 
eliminate without consulting a doctor but by self-
medication:

·	 different types of pain (headache, joint pain, 
toothache),

·	 functional gastrointestinal disorders (heartburn, 
constipation),

·	 light signs of cold (sore throat, runny nose, 
cough),

·	 allergy symptoms (urticaria),
·	 insomnia, anxiety, etc. [17].

Thus, the list of conditions, as well as the list of 
drugs that a pregnant woman can potentially use, is 
significantly expanded and supplemented by over-the-
counter (OTC) drugs, the independent purchase and 
intake of which are difficult to control.

A study conducted in European, North and South 
American and Australian countries has shown that 
81.2% of pregnant women used at least one drug, 
66.9% of which were OTC drugs. Moreover, 68.4% of 
pregnant women used them to treat acute/short-term 
illnesses, and 17% for chronic/long-term disorders [18]. 
For example, in 2013-2018, a French study focused on 
pregnant women’s consumption of drugs affecting the 
gastrointestinal tract showed that 74% of women took at 
least one drug from this group. The distribution by phar-
macological groups revealed that a significant part of the 
group consists of OTC drugs – about 1/3 of pregnant 
women took antacids (37%) and antinauseants (31%), 
while 10.3% used antidiarrheals, and 15.3% laxatives [9].

According to the published data, the use of 
drugs by a pregnant woman can lead to spontaneous 
abortions, premature births and fetus hypotrophy. 
When mothers use medicines during pregnancy, the 
risk of perinatal allergy in children increases [19-22]. 
Among the types of unwanted effects of drugs during 
pregnancy, the following can be distinguished:

1. Embryo-lethal (pre- and post-implantation death 
of the embryo).

2. Embryotoxic (functional and structural disorders 
of the embryo cell systems, which violate the 
implantation and placentation processes).

3. Teratogenic (developmental abnormalities, 
malformations).

4. Fetotoxic (functional and structural disorders of 
fetal cell systems, for example, magnesium sulfate, 
used for tocolytic purposes, due to suppression of 
the fetal CNS, can cause muscle weakness, impaired 
breathing and sucking in a newborn).

5. Mutagenic (structural changes in DNA in germ and 
somatic cells).

However, globally, adverse effects of drugs during 
pregnancy can be separated into two categories, 
teratogenic or foetotoxic. A teratogenic drug is defined 
as causing irreversible impairment to the newborn, 
affecting the organs during embryological development 
and thus causing birth defects. It often leads to the 
death of a newborn in the first hours/days. A fetotoxic 
drug is a drug that has a detrimental effect on foetal 
growth and organ function [23]. These effects can be 
due to the dose, the duration of exposure, the route of 
administration, the concomitant exposures, the period 
of exposure during pregnancy and potential genetic 
predispositions. 

The list of teratogenic factors, in addition to drugs, 
includes:

·	 Infections (rubella, herpes, cytomegalovirus, 
herpes simplex virus, human immunodeficiency 
virus, chicken pox virus).

·	 Ionizing radiation, which causes the death of 
rapidly proliferating cells when exposed to 
the teratogen. Radiation is also a mutagen, 
responsible for genetic changes in germ cells and 
the subsequent development of birth defects.

·	 Chemical factors, including drugs.
·	 Maternal diseases, in particular diabetes [24].

Undoubtedly, the most critical task for a doctor and 
a pharmacist/clinical pharmacist is detecting risk and 
preventing drug-induced teratogenic or fetotoxic effects.

Sensitivity to teratogenesis, the risk of development, 
and the nature and severity of the fetus’s negative effect 
manifestation are determined by factors that, concern-
ing drugs, coincide with those for side effects and are 
divided into the active pharmaceutical ingredient (API) 
property-depending and the individual organism-
depending (table I):
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1. The embryo genotype and the ways of interaction of 
this genetic material with the external environment. 
The mother’s genome is an essential factor in drug 
metabolism, resistance to infections, and other 
biochemical and molecular processes that affect the 
embryo.

2. Stage of fetal development at the time of teratogen 
action (see below).

3. Dependence of the severity of manifestations of 
abnormal development on the dose and duration of 
action of the teratogen (dose-dependent effect).

4. The specificity of teratogen action on developing 
cells and tissues. These mechanisms of pathogenesis 
include the inhibition of biochemical and molecular 
reactions, cell death, reduction of cell proliferation 
and other phenomena [25-27].

Table I. Factors of teratogenesis specificity
Peculiarities of teratogen 
— active pharmaceutical 

ingredient
Peculiarities of an 

individual organism

1. API dose
2. Duration of API 

exposure
3. Way of API 

administration
4. Physical and chemical 

properties of API

1. Chronic diseases
2.  Pregnancy stage
3.  Potential genetic 

predisposition

API (Active Pharmaceutical Ingredient) physical 
and chemical properties determine the ability and 
speed of API passage through the placenta and the 
nature of distribution in fetal tissues, amniotic fluid 
and other pharmacokinetic features [28]. Maternal and 
fetal drug concentrations depend on the amount of 
drug that crosses the placenta, the extent of metabolism 
by the placenta, and fetal distribution and drug 
elimination. Diffusion across the placenta is the pri-
mary mechanism of drug transfer, giving nonionized 
lipophilic substances easy passage and making less 
lipid soluble ionized substances more difficult to cross. 
Drug strongly bound to protein or large molecular 
weight drugs (e.g., heparin and insulin) do not cross 
the placenta. Both the immature fetal liver and placenta 
can metabolize drugs. Fetal drug accumulation can be 
problematic secondary to limited metabolic enzymatic 
activity along with the concern that approximately half 
of the blood flow from the umbilical vein bypasses 
the fetal liver and goes to the cardiac and cerebral 
circulations. Another mechanism that can also lead to 
prolonged effects of drugs in the fetal compartment is 
ion trapping. This phenomenon occurs because the fetal 

plasma pH is more acidic than the maternal plasma, 
causing weak bases (e.g., nonionized and lipophilic 
substances) to diffuse across the placental barrier and 
become ionized in the more acidic fetal blood. The 
net effect is the movement of drugs from the maternal 
to fetal compartment. This equilibrium between the 
maternal-fetal compartment becomes important when 
therapeutic fetal drug concentrations are desired (e.g., 
digoxin therapy for intrauterine fetal arrhythmias). 
Drugs are eliminated by the fetus primarily through 
diffusion back to the maternal compartment. As the 
fetal kidney matures, metabolites of drugs are excreted 
into the amniotic fluid [29-31].

So, during pregnancy, the following important 
changes can be observed:

·	 increase in the amount of fluid in the body,
·	 increase in blood volume,
·	 increase in plasma volume (up to 40-50%),
·	 increase in the volume of API distribution,
·	 acceleration of renal blood flow,
·	 impairment of intestine motility,
·	 impairment of liver enzymes values,
·	 reduction in the amount of albumin in the 

plasma,
·	 reduction in plasma pH [25].

As a result, these changes can increase API con-
centrations or their active metabolites and dose-depen-
dently increase their teratogenic potential.

Scientific reports indicate that 2-5% of congenital 
malformations are due to the teratogenic effect of 
drugs, and the risk of teratogenesis or fetotoxicity 
of drugs largely depends on the pregnancy period 
[24-26,30-32].

During intrauterine development, a child goes 
through several important periods, which, according 
to the principles of their identification, can have dif-
ferent terms and duration. For example, it is clear and 
convenient to divide pregnancy into trimesters. Thus, 
the first, second and third trimesters are distinguished, 
each lasting three months (90 days, approximately 
13 weeks, figure 1).

The second approach divides pregnancy into 
periods according to the stages of intrauterine deve-
lopment of a child: pre-embryo, embryo and fetus. It 
is essential to understand the particular changes that 
occur in different periods (figure 1). When using this 
approach, three periods are also distinguished:

·	 fetus first period, pre-embryonic, which lasts 
after fertilization during the first week of 
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Figure 1. Critical susceptible to teratogenic impacts periods for embryo and fetus organ development [Modifyed 
from Moore KL, Persaud TVN, Torchia MG. Embryologie. Entwicklungsstadien – Frühentwicklung – 
Organogenese – Klinik, 6. Auflage. München: Urban & Fischer Verlag/Elsevier GmbH; 2013]

pregnancy. The critical moments of this period 
are fertilization and implantation. During this 
period, the exposure to negative factors causes 
an embryotoxic effect or the absence of any 
effect, the “all-or-none” law;

·	 the second period is embryonic, lasting from the 
third to the eighth week after fertilization (the 
period of organogenesis). It is the most sensitive 
and dangerous period (critical) for aggressive 
environmental factor exposure. Clusters of 
stem cells form the foundations for each organ’s 
development, and these processes are susceptible 
to the damaging effects of internal genetic 
factors and external aggressive environmental 
influences. During this period, the influence of 
negative factors causes a teratogenic effect. In 
the period of organogenesis, especially in the 
third-fourth week of embryogenesis, the most 
significant number of congenital developmental 
anomalies develop;

·	 the third (fetal) period lasts from the ninth week 
of pregnancy until the child’s birth. During this 
period, tissues and organs mature, and the body 
grows rapidly. Usually, a few malformations 
develop, but deformations and fractures may 
occur. In addition, there may be harmful impacts 
on the central nervous system in the form of 
behavioral disorders, learning disabilities and 
reduced intelligence [24].

According to the second approach, it becomes 
clear that the first three months from the moment 
of fertilization, the formation of the blastocyst, its 
implantation in the uterine wall, gastrulation and 
organogenesis are the most responsible. Manifestations 
of abnorma l embr yogenesis are feta l death, 
malformations, growth delay and functional disorders 
in fetus/newborn. During the last three months 
of pregnancy, significant risks include breathing 
difficulties in the newborn baby. Some drugs may also 
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affect labour, causing it to be premature, delayed, or 
prolonged. It means that the last month of pregnancy 
is critical too. However, this view is controversial, 
because a child from the 37th gestation week is already 
considered full-term and ready for independent life 
[24,26,27,33,34].

The mechanisms of the drug affecting embryo/
fetus formation and growth are not always clear. It 
was established that they are similar to the ways of 
development of other types of drugs adverse reactions 
and are mostly related to the main pharmacological 
properties. The most important mechanism is 
considered to be a violation of catabolic processes, 
first of all, the synthesis of DNA and proteins. Other 
mechanisms include:
1. Direct toxic damage and destruction of cells or 

increased formation of reactive oxygen species.
2. Violation of energy exchange.
3. Inhibition of enzyme activity.
4. Increase of the excitability of the uterus, stimulation 

of its contractile activity.
Folate antagonism, neural crest cell disruption, 

endocrine disruption, oxidative stress, vascular 
disruption, and specific receptor- or enzyme-mediated 
teratogenesis could be added [35-39].

Given the consequences that may be caused 
by taking a medicinal product, evaluating the 
reasonability of its use, choosing a particular medicine, 
dosage form, route and course of administration are 
very responsible steps both for a doctor and for a 
pharmacist when a patient prefers self-medication.

For a pharmacist, when dispensing an OTC drug to 
a pregnant woman, the primary source of information 
is a leaflet or instruction for medical use or information 
for the patient or drug label; in other words, the 
information that is officially approved by the state 
agencies or departments of the relevant country (Food 
and Drug Administration in the USA, Office for 
Registration of Medicinal Products, Medical Devices 
and Biocidal Products in Poland, State Expert Center 
in Ukraine, EMA in Europe etc.) [40].

The corresponding document must contain the 
chapter “Pregnancy and lactation”, which sets out 
the arrangements (permission/restriction/warning/
prohibition) for medicinal product use. In different 
countries, particular methods are used to present 
this information per the adopted approaches and 
classifications [40].

For example, until 2015, the FDA used the 
classification of the drug teratogenicity degree based 
on the preclinical and clinical experience of API use 
and was denoted by Latin letters. Since 2015, new 
requirements for labeling the risk of teratogenicity have 
been applied. The final rule requires the removal of the 
pregnancy categories A, B, C, D, and X from all human 
prescription drug and biological product labeling and 
demands that the labeling include a summary of the 
risks of using a drug during pregnancy and lactation, 
a discussion of the data supporting that summary, 
and relevant information to help health care providers 
make prescribing decisions and counsel women about 
the use of drugs during pregnancy and lactation [40].

Pharmaceutical care in obstetrics and perinatology 
includes a comprehensive program of coopera-
tion between specialists in obstetrics, gynecology, 
neonatology, a pharmacist and a pregnant woman, 
which covers the entire period of drug therapy, starting 
from the moment of prescription/recommendation 
and dispensing of drugs until the end of their impact.

The most important task of a pharmacist/clinical 
pharmacist is to ensure the effective and safe use of 
medicines, including over-the-counter ones [2,17].

A pharmacist must adhere to certain principles 
when providing information support and counseling 
assistance to a pregnant woman. Communication 
should begin with finding out the symptom (feeling of 
being unwell) that bothers the pregnant woman, how 
long it lasts, the presence of aggravating factors that 
exclude the possibility of independent use of over-the-
counter medicines and finding out the factors that can 
contribute to the disorder development.

In case of the absence of threatening symptoms 
and the presence of signs of mild, functional disor-
der, the pharmacist’s advice should primarily include 
recommendations for lifestyle modification and non-
pharmacological approaches to the elimination and 
prevention of disorder. This category includes the 
creation of a comfortable living environment (silence, 
quiescency, fresh air), improvement of the regime of 
wakefulness and rest (dosed physical activity, walks), 
adherence to a specific diet (good nutrition and 
inclusion/exclusion of certain products in the diet), 
rejection of bad habits, etc. These measures aim to 
alleviate symptoms and allow pregnant woman to avoid 
taking medication for as long as possible. It should be 
reminded that we are talking about mild disturbances 
of well-being [29].
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When it concerns to choosing and taking medicine by a pregnant woman, a pharmacist must follow the 
same principles as a doctor:

– the benefit of drug administration should exceed the risk of adverse drug reaction development, first 
of all, the negative impacts on the fetus;

– when choosing a specific drug, pay attention to pharmacokinetic properties, in particular, the ability 
of API to penetrate the placental blood barrier;

– when choosing a specific drug, pay attention to the period of pregnancy;
– recommend a drug with the most effective and least dangerous API;
– consider the possibility of using topical dosage forms in order to minimize the API systemic absorption;
– do not recommend combined medicines, for example, the remedies for the symptomatic treatment of 

a cold, which can simultaneously contain an analgesic-antipyretic, a vasoconstrictor alpha-adrenomi-
metic, a decongestant, an antitussive, a vitamin and a respiratory analeptic;

– recommend the minimum effective dose for the shortest time. For pregnant women, it is rational to 
dispense one dose for one-time use, for example, an antacid in a stick or sachet to eliminate heartburn;

– long-term use of an over-the-counter medicinal product must be approved by a doctor;
– in the case of lack of effectiveness of the medicinal product or the development of undesirable reactions, 

urgently refer a patient to a doctor!

If it is necessary, a doctor must prescribe the drug. 
However, in the case of OTC drugs usage in the self-
medication framework, a pregnant woman can be 
advised by a pharmacist (table II).

The important circumstances for the rational use 
of drugs by pregnant women include strict adherence 
to the principles of evidence-based medicine and 
pharmacy; achieving compliance with a pregnant 
woman, pharmacoeconomic justification of therapy; 
keeping record of all stages of pharmacotherapy, 
analysis of pharmacotherapy results, as well as 
observation, recording and assessment of remote 
consequences of pharmacotherapy in offspring.

Conclusions
·	 The problem of the rational and safe use of drugs 

by a pregnant woman is an important component 
of pharmaceutical care, especially in the case of 
responsible self-medication.

·	 When choosing a drug (including an over-the-
counter drug) for a pregnant woman, it is necessary 
to consider numerous factors that relate to a 
special patient and the peculiarities of the active 
pharmaceutical ingredient.

·	 Recommendations concerning the possibility 
of using drugs and/or active pharmaceutical 
ingredients may differ in certain countries. It 
requires careful attention to the accompanying 
drug paper.

·	 The pharmacist/clinical pharmacist is an essential 
medical team member to ensure the effective and 
safe use of drugs by the pregnant woman, and to 
prevent and timely detect adverse effects.

Conflict of interest 
None

Correspondence address
+ Viktoriia Propisnova
Department of Clinical Pharmacy and Biopharmacy, 
Karol Marcinkowski University of Medical Sciences 
in Poznan
Rokietnicka St. 3, 60-806 Poznan, Poland
( (+48 61) 641 83 50 
: vpropisnova@ump.edu.pl

Table II. Principles of pharmaceutical care of a pregnant woman



149

F A R M A C J A  W S P Ó Ł C Z E S N A  2022; 15: 143-150  

References
 1.  WHO. Joint FIP/WHO guidelines on good pharmacy practice: standards for quality of pharmacy services. https://www.who.int/docs/

default-source/medicines/norms-and-standards/guidelines/distribution/trs961-annex8-fipwhoguidelinesgoodpharmacypractice.pdf 
(access date 12.09.2022).

 2.  FIP statement of professional standards. Codes of ethics for pharmacists. https://www.fip.org/file/1586 (access date 12.09.2022). 
 3.  Clinical methods: the history, physical, and laboratory examinations. 3rd edition. Part XVII, Special patient groups. Boston: Butterworths; 

1990. https://https://www.ncbi.nlm.nih.gov/books/NBK1752 (access date 12.09.2022).
 4.  Allesee L, Gallagher CM. Pregnancy and protection: the ethics of limiting a pregnant woman’s participation in clinical trials. J Clin Res 

Bioeth. 2011;2(108):1000108. 
 5.  van der Zande ISE, van der Graaf R, Oudijk MA, van Delden JJM. How should the precautionary principle apply to pregnant women in 

clinical research. J Med Philos. 2021;46(5):516-529. 
 6.  Bookstaver PB, Bland CM, Griffin BS, et al. A review of antibiotic use in pregnancy. Pharmacotherapy. 2015,35(11):1053-1062. 
 7.  Araujo M, Hurault-Delarue C, Sommet A, et al. Drug prescriptions in French pregnant women between 2015 and 2016: A study in the 

EGB database. Therapies. 2021;76(3):239-47. 
 8.  Björkstedt SM, Kautiainen H, Tuomi U, et al. Maternal use of sedative drugs and its effects on pregnancy outcomes: a Finnish birth cohort 

study. Sci Rep. 2021;11(1):4467. 
 9.  Laroche ML, Blin A, Coubret A, et al. Off-label prescribing during pregnancy in France: the NéHaVi cohort . Int J Clin Pharmacol Ther. 

2020;58(4):198-208. 
 10.  Thyroid disease in pregnancy: ACOG Practice Bulletin, Number 223. Obstet Gynecol. 2020;135(6):e261-74. 
 11.  Huls CK, Detlefs C. Trauma in pregnancy. Semin Perinatol. 2018;42(1):13-20. 
 12.  Folk DM. Hypertensive disorders of pregnancy: overview and current recommendations. J Midwifery Womens Health. 2018;63(3):289-300. 
 13.  Dymara-Konopka W, Laskowska M, Oleszczuk J. Preeclampsia – current management and future approach. Curr Pharm Biotechnol. 

2018;19(10):786-96. 
 14.  Haram K, Mortensen JH, Magann EF, Morrison JC. Antenatal corticosteroid treatment: factors other than lung maturation. J Matern 

Fetal Neonatal Med. 2017;30(12):1437-41. 
 15.  Milman N, Paszkowski T, Cetin I, Castelo-Branco C. Supplementation during pregnancy: beliefs and science. Gynecol Endocrinol. 

2016;32(7):509-16. 
 16.  Riedel M, Kuschel B. Medikamentöse Systemtherapie in der Schwangerschaft [Systemic drug treatment during pregnancy]. Hautarzt. 

2020;71(4):313-323. German. 
 17.  Клінічна фармація (фармацевтична опіка) [Clinical pharmacy (pharmaceutical care)] / за ред. В.П. Черних, І.А. Зупанця. Харків, 

НФаУ, Золоті сторінки, 2011. 704 с.
 18.  Lupattelli A, Spigset O, Twigg MJ, et al. Medication use in pregnancy: a cross-sectional, multinational web-based study. BMJ Open. 

2014;4(2):e004365. 
 19.  Mulder B, Schuiling-Veninga CC, Bos HJ, et al. Prenatal exposure to acid-suppressive drugs and the risk of allergic diseases in the 

offspring: a cohort study. Clin Exp Allergy. 2014;44(2):261-9. 
 20.  Malaeb D, Hallit S, Sacre H, et al. Preconception exposure to over-the-counter medications and antibiotics and the risk of childhood 

asthma in Lebanon: A cross-sectional study. Allergol Immunopathol (Madr). 2021;49(2):104-12. 
 21.  Zhang MZ, Chu SS, Xia YK, et al. Environmental exposure during pregnancy and the risk of childhood allergic diseases. World J Pediatr. 

2021;17(5):467-75. 
 22.  Metsälä J, Lundqvist A, Virta LJ, et al. Prenatal and post-natal exposure to antibiotics and risk of asthma in childhood. Clin Exp Allergy. 

2015;45(1):137-45. 
 23.  Demailly R, Escolano S, Quantin C, et al. Prescription drug use during pregnancy in France: a study from the national health insurance 

permanent sample Pharmacoepidemiol Drug Saf. 2017;26(9):1126-34. 
 24.  Запорожан ВМ, Цегельський МР, Рожковська НМ. Акушерство і гінекологія [Obstetrics and gynecology]; у 2-х томах. Т. 1. Одеса: 

Одес. держ. мед. ун-т, 2005. 472 с. Ukraine.
 25.  Lenoir C, Boumaïza S, Lorenzini Ing KR, et al. Outcomes of drug exposition during pregnancy: Analysis from a teratology information 

service. Eur J Obstet Gynecol Reprod Biol. 2020;247:42-8. 
 26.  Bręborowicz GH. Położnictwo i ginekologia [Obstetrics and gynecology]. Wydannja 3. Tom 1. Warshawa: Wydawnictwo Lekarskie PZW; 

2020. 1226 s. Poland.
 27.  Moore KL, Persaud TVN, Torchia MG. Embryologie. Entwicklungsstadien – Frühentwicklung – Organogenese – Klinik [Embryology. 

Developmental Stages –  Early Development – Organogenesis – Clinic], 6. München: Urban & Fischer Verlag/Elsevier GmbH; 2013. 632 p. 
German.

 28.  Adibi JJ, Layden AJ, Birru RL, et al. First trimester mechanisms of gestational sac placental and foetal teratogenicity: a framework for 
birth cohort studies. Hum Reprod Update. 2021;27(4):747-70.

 29.  Alldredge BK, et al., editors. Koda-Kimble and Young’s applied therapeutics: the clinical use of drugs, 10th ed. Philadelphia: Lippincott 
Williams & Wilkins, a Wolters Kluwer business; 2013. 2519 p.



150

F A R M A C J A  W S P Ó Ł C Z E S N A  2022; 15: 143-150  

 30.  Katzung BG. Basic & Clinical Pharmacology, 14th ed. New York: McGraw-Hill Education LLC; 2018. 1251 p.
 31.  Wiffen P, Mitchell M, Snelling M, Stoner N, editors. Oxford Handbook of Clinical Pharmacy, 3rd ed. Oxford: Oxford University Press; 

2017. 730 p.
 32.  Whittlesea C, Hodson K, editors. Clinical Pharmacy and Therapeutics, 6th ed. London: Elsevier Limited, 2019. 1112 p.
 33.  Carlson BM. Human Embryology and Developmental Biology, 6th ed. Oxford: Elsevier; 2019. 496 p.
 34.  Sadler TW. Langman’s Medical Embryology, 14th ed. Alphen aan den Rijn: Wolters Kluwer; 2018. 456 p.
 35.  van Gelder MM, van Rooij IA, de Jong-van den Berg LT, Roeleveld N. Teratogenic mechanisms associated with prenatal medication 

exposure. Therapie. 2014;69(1):13-24. 
 36.  Fathe K, Palacios A, Finnell RH. Brief report novel mechanism for valproate-induced teratogenicity. Birth Defects Res A Clin Mol Teratol. 

2014;100(8):592-7. 
 37.  Melnik BC. Apoptosis may explain the pharmacological mode of action and adverse effects of isotretinoin, including teratogenicity. Acta 

Derm Venereol. 2017;97(2):173-81. 
 38.  Ornoy A. Embryonic oxidative stress as a mechanism of teratogenesis with special emphasis on diabetic embryopathy. Reprod Toxicol. 

2007;24(1):31-41. 
 39.  Vargesson N. Thalidomide-induced teratogenesis: history and mechanisms. Birth Defects Res C Embryo Today. 2015;105(2):140-56. 
 40.  https://www.fda.gov/drugs/labeling-information-drug-products/pregnancy-and-lactation-labeling-drugs-final-rule (access date 

12.09.2022)..




